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POLYURE THANE ELASTOMERS 
DESCRIPTION 

5 The present invention relates to novel polyu re thane elastomers and a method 
for the preparation thereof. 

Folyurethane elastomers are made by reacting diisocyanate s , such as toluene 
diisocyanate (TDI) , 1,5 naphthalene diisocyanate (NDI) or 4,4' diphenylme thane 
10 diisocyanate <4,4'-MDX>, with high molecular weight polyols, such as polyester 

polyols or polyether polyols, and low molecular weight polyols or polyamines, 
such as ethylene glycol or butane diol. 

High molecular weight polyether polyols mainly used are polytetrahydrofuran 
15 or polypropylene oxide . 

The preparation of elastomeric polyurethanes from polyether polyols containing 
minor amounts of ethylene oxide (EO) -groups is also known, see for example EP- 
A-13487. 

20 

Formulations comprising high amounts of 4,4 , -MDI and polyether polyols having 
high EO- contents have already been used to prepare flexible polyure thane 
foams, see for example EP-A-547764, EP-A-547765 and EP-A-549120. 

25 None of the known isocyanate-based elastomers however shows satisfactory 

dynamic modulus behaviour over a broad temperature range. 

A new class of polyure thane elastomers has now been found which show a quasi - 
perfect elastomeric behaviour over a broad temperature range. 

30 

Thus, the present invention relates to polyisocyanate -based elastomers having 
a ratio of the storage modulus (E 1 ) at 20 °C and the storage modulus (E ' ) at 
120°C of between 0.75 and 1.5, a tan 8 at 100°C of less than 0.1 and a maximum 
value of the tan 6 of more than 0.8, the tan 6 being the ratio of the loss 
35 modulus <E ,f ) and the storage modulus (£')'. 

Preferably, the maximum value of the tan 5' is more than 1.0. 



40 



The ratio of the storage modulus (EV) at 20°C and the storage modulus (£') at 
120°C is preferably between 0.8 and 1.2, and most preferably between 0.85 and 
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1.1. 



10 



15 



It is preferred to have a tan 5 at 100°C of less than 0.05. Most preferably 
the tan 5 at 100 "c is less than 0.03. 

The prime maximum, of the tan 6 preferably occurs at a temperature below 0°C, 
most preferably below -10 °C. 

The storage and loss modulus are measured &y Dynamic Mechanical Thermal 
Analysis (DMXA measured according to ISO/DIS 6723.-5). 

■ ■ • ■ - ■ st-j -lAv.Cr-- .-j ,.. .]>-,.;. - ; ^ . ., 

• These novel poiyurethane elastomers can be made from formulations containing 

* ' * *'<• ' V 1 " * " * \ • * • .. VM*r "*fc--v: or .•^,.;;..ot!. , : 

polyols having 'high ,_. oxyethylene contents or polyol blends containing polyester 
polyols and high concentrations of polyols having high oxy ethylene contents, 
substantially pure 4, 4' -MDI or a derivative thereof, and a low molecular 
weight chain extender and optionally a crosslinking agent. 



Thus, according to the invention, there is also provided a method for the 
preparation of poiyurethane elastomers from a reaction mixture comprising a 
20 pplyisocyanate component, a polyol composition, a chain extender and 

optionally a crossllnking agent wherein the poly isocy ana te component contains 
at least 85% by weight of 4 , 4 • -diphenylme thane diisocyanate or a variant 
thereof, the polyol composition comprises at least one polyoxyaikylene polyol 
containing oxyethylene residues , said poly ol composition having an average 

of from 2 to 4, an average hydroxy 1 equivalent 
weight of from 500 to 7000 and an average oxyethylene content of between 50 
and 85% by weight, and the chain extender has an average hydroxy 1 equivalent 
weight of up to 250. 



30 The polyisocyanate component used in the invention may be any aromatic or 

aliphatic polyisocyanate such as TDI , NDI or pure 4,4' -diphenylme thane 
diisocyanate or mixtures of that diisocyanate with one or more other organic 
polyisocyanates , especially other diphenylme thane diisocyanate isomers, for 
example the 2, 4* -isomer optionally in conjunction with the 2, 2 1 -isomer. The 

35 polyisocyanate component may also be an MDI variant derived from a 

polyisocyanate composition containing at least 85% by weight of 4,4*- 
diphenylme thane diisocyanate. MDI variants are well known in the art and, for 
use in accordance with the invention, particularly include liquid products 
obtained by introducing uretonimine and/or carbodiimide groups into said 

40 polyisocyanate composition and/or by reacting with one or more polyols. 
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to 4 active hydrogen atoms. 

• :.-t -IC- J-;. - « a i*> r. r^.ic-s w * ••'.«&*• o«vethvlene content . *»• 
average functionality, equivalent wexght and oxyethyi 

^lyC^l^^ 

and/or polVox^ropyiene polyoii may also be present. 



Preferred polyether polyoi' compositions comprise: * . . 

iai fx«a%5 to\o0* by weight of a first polyoi component comprxsxng at 
' least one polyoxyaixyiene polyoi containing oxyethyleWe residues - 
' polyoi component having an average nominal hydroxy! functionality of 
frJ 2 to 4, an average hydroxyl equivalent weight of from 1000 to 5000 
and an average oxyethylene content of from 60 to 85% by weight, and 
<b> from 25 to 0% by weight of another polyoi component. 

Polyoi component (b> suitably has an average functionality of from 
average equivalent weight of 1000 to 3000 and may be, for example, 
polyoxypropylene polyoi, a polyoxyethylene polyoi or a poly (oxyethylene- 
L^ene) polyoi containing less than 60* or more than 35* by wexght of 
oxyethylene residues- 

The term "average nominal hydroxyl functionality" is used herein- to indicate 
the average functi nality (number of hydr xyl gr ups per molecule), of the 
polyoi composition on the assumption that the average functionality of the 
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polyoxyalkylene polyols present: therein is identical with the average 

functionality (nuniber .of active hydrogen atoms per molecule)* of the 
initiator (s) used in their preparati n although in practice it" will often be 

somewhat less because of some terminal unsaturation . " * ' " " 

5 . . , r : r • • • • 

It is preferred that the average nominal hydroxy 1 functionality of %he polyol 
composition is from 2 to 3. 

If desired, the polyoxyalkylene polyol (or one or more of the polyoxyalkylene 
10 polyols when a- mixture is used) may contain dispersed polymer particles^ Such 

polymer modified -polypi^ have ..^been fully described in the prio-r^ art and 
include products obtained by the, in situ polymerisation of one or 'more "vinyl 
monomers, for example acrylonitrile and styrene, iii polyoxyalkylene polyols 
or by the in situ reaction between a polyisocyanate and an amino^br hydroxy* 
functional^ compoun4, for example, trie thanol amine, in the polyoxyalkylene. 



15 



Also suitable as polyol (b) are polyester polyols. 

Polyester polyols which may be used include hydroxy 1 - terminated reaction 
products of ^polyhydric alcohols such as ethylene glycol , propylene glycol , 
20 J diethylene glycol , dipropylene glycol, 1 , 4-butanediol , bis (hydroxyethyl) 
terephthalate glycerol , , triroe thylolprppane , hexanediol / neopentyl glycol , ; 
methylpantane diol, pentaarythritpl or polyether polyols or mixtures of such 
polyhydric alcohols, and pplycarboxylic acids, especially dicarboxvlic acids 
or their ester-forming derivatives, for example succinic, glutarlc and adipic 

tetrachlorophthalic anhydride or dimethyl terephthalate or mixtures thereof . 



30 



35 



Preferred polyesters have a number average molecular weight of 750-4000, 
especially 750-2500, and an average nominal functionality of 2-3. 

Suitable chain extenders include low molecular weight diols, aminoalcohols or 
diamines such as ethylene glycol, diethylene glycol, dipropylene glycol, 
tripropylene glycol, propanediol, butanediol, pentanediol, hexanediol, 3- 
methylpentane-1 , 5-diol , ethanol amine or die thyl to luenedi amine . 

l*ow molecular weight isocyanate -reactive compounds having an average 
functionality of 3 or, more, such as glycerol, pentaerythritol or 
triethaholamine , may be added as crosslinking agents. 



40 



It is preferred to add small amounts of water, most preferably less than 2% 
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* '> , - .^u. n * isocyanate-reacfcive.; to the 

by weight *>ased n the total wexght of the isocyan 

• * 1 "* * '-^ i<r ^ taction syst«m f taking account of 

f Emulation. The is ocyanate -index of the reaction sys 

e^Xe chain extenders and opt. crosslxnking agents, may ^ ^ 
r^ 9h as 1*0. P~fera»ly, the isocyanate index is — ,0 and XXO. - 
preferred isocyanate -index" is between ^5 and 105. ^ 



of the 



Easterner-forming reaction mixture .nay contain one or mor. 

• - • -.j ■ -r- . t~ -C-'..: A ^iiture's^.Sueh- additives include 

additives conventional to such reaction mixture*, ^ ivm 
catalvsts' for^e ^rtiaxy^ixhi^ ttfcVfcftf co-pbuads surf ace,active 
agen^^an/ foai" stabilisers ^le-silbxan^xy^lene copolymers 

reta^forganic ^iW^xiilW, — — * 

release agents. 

s ' : ' ^ V • i ,Whir«o^' provides ^reaction* sysW >eomprising£ - ... 
The invention furthermore pwv«"» 

dipnenylmethane £ Wi^theteof , , ^ : - 

on^ainingoxyethyl^e ^r™- 
average nominal ^oxyi-xunc^onaiity of - from 2 ,to .4, an average 
average n ...c.T w r.o : - h - sc fo.. to . 7000 and an. average 

hydroxyl equivalent weight of frbm 50O 
oxyethylene content of 'between '50 and 85% by weight; 
alain^tender navi^an average hydroxyl bivalent weight of ,up 
250, and optionally, 



<d) water, 
(e) 
(f) 



This 



a crosslinking agent, and 

on. or more additives conventional to elastomer formulations, 
reaction system is used for maXing polyurethane elasto, 



noers . 



in the automotive and footwear industry. 
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The invention is illustrated by the following examples in which all parts, 
percentages and ratios are by weight. 

The following glossary of materials is included to identify reaction 
components not otherwise identified in the examples. 
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GLOSSARY 



Polyisocyanate I: pure 4,4'-MDI (Suprasec MPR; commercially available from 

Imperial Chemical Industries PEC; Suprasec is a trademark 
of ICI PLC) . 

Polyisocyanate II: uretonimine -modified MDI (Suprasec 2020; commercially 

available from Imperial Chemical Industries PLC) . 

Polyisocyanate III: MDI -based prepolymer (Suprasec 2433; commercially 

available from Imperial Chemical Industries PLC) 

Polyisocyanate IV: isocyanate prepolymer made by reacting polyisocyanate I 

and polyol B (NCO-content =* 6.66%) . 



Polyol A: 



EO/PO triol having 70% random EO-groups; OH -value of 42 
mg KOH/g and about 45% primary OH -groups . 



Polyol B: 



Polyol C: 



EO/PO diol having 75% random EO-groups and OH-value of 27 
zng KOH/g . 

70/30 blend of an EO/PO diol (22% EO-tip; OH-value = 35mg 
KOH/g) and an EO/PO triol (15% EO-tip; OH-value » 32 mg 
KOH/g) . 



Polyol D: 



polymer-modified polyol (glycerol -initiated polyol having 
OH-value = 34 mg KOH/g ; 15% EO-tip; 75% primary OH-groups 
and containing 20% styrene-acrylonitrile copolymer 
particles) . 



Polyol E: 
Catalyst 1: 
Catalyst 2: 



EO/PO diol having 27% EO-tip and OH-value of 30 mg KOH/g. 



Dabco EG; commercially available from Air Products. 



Niax Al; commercially available from Union Carbide. 



EG: 



ethylene glycol 
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EXAMPLE3 

Examples 1,2,3 and 4 and comparative examples 1 and 2 

Elastomers were bench mixed and moulded in a 15 x 10 -Xr A cm mould in a 
conventional manner using the formulations given in Table I and the properties 
indicated in Table 1 were measured. ■ ^" - * ^ . * 







-2 




4%.--^ ' 


Comp. 1 


:pomp.2 




36 . 4 


42 . 7 

' * . 


- 


- 


- 


- 


• Polyisocyanate IX ■■:*:i.' v '' 






46.8 




- 


42.9 


Folyiaocyanate . =i 


— 


.- 


- 


- 


109 


- 


Polyisocyanate TV 


- 


- 


- 


100 


- 


- 


Polyol A; ri\;"'--' ' : : 


100.0 


50.0 


- 


- 


- 


- 


• JoiyolvB : -'; j v-''. 


- 


50.0 


100.0 


- 


- 


- 


•ioiypl' c; v. ; : : 


- 


- 


- 


- 


100.0 


- 


Pol vol D . ; 


- 


— 


• 




28,3 


— 


Polyol E ■ ; 


- 


- 


- 


— 


• 


100.0 


Ethylene glycol 


5.0 


7.0 


7.0 


4.55 


8.9 


6.0 


'Water' 


0.3 


0.3 


0.3 


0.21 


0.6 


0.3 
















Catalyst 2 •; 










0.4 




Moulded density (kg/m 3 ) 


450 


440 


440 


580 


490 


585 


Hardness 


46 


51 


41 


62 


47 


N.M.* 




(AskcrC) 


(Askcr C) 


(AskcrC) 


(AskcrC) 


(Shore A) 




X ' ;<20°C) /«• {120*C) ratio 


0.95 


1.01 


0.98 


0.86 


1.69 


2.19 


tan 5 (100°C) 


0.002 


0.013 


0.024 


0.005 


0.070 


0.078 




-23 


-26 


-11 


-11 


-43 


-45 


' (temperature .in. : j?.C)." : ' ;: : 














(value) 


1.08 


0.86 


1.01 


1.22 


0.42 


0.37 



*N.M. » not measured 

The E 1 (20°C)/E(120°C) ratio of the elastomers according to the comparative 

examples is higher than 1.5 and their maxiimiTn value of the tan 5 is less than 
0.8. 
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DMTA-t«3t 



elastomer sanpj. -120 °C (cooling rate 

testing. The elastomer sables were quenched to 

testing. . before heating of the 

8.5'c/min) and held at that temperature for 5 minutes before 

10 -sample was. ^started, * £ j 2 , ^ 

- I - , i - i^ 1-4 The .DMSTAi-curves of the 
-Figures t^^ow--4*e.W--«=va^._^ ^ : , 

;con^ative\exa ! ^e4„l-«^; 2 ; ~« ^ *?J ^"j* I. "^iL^f . 
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CIAXMS * 

# . 1 . A polyispcyanate-based elastomer having a ratio of the st rage modulus 
(£') at 20°G and the, storage modulus (E ' ) at 120°C of between 0.75 and 
5 1.5, a tan 6- at 100*0 of less, than 0.1 and a maximum value of the tan 

5 of more than ^0.8, the tan & being the ratio of the loss modulus (E 1 ' ) 
and the. storage modulus (E M - , 

2. An elastomer* according to claim. l wherein the poly isocy ana te contains 
10 at least 90% by weight of 4 , 4 1 -diphenylmethane diisocyanate . 

' *' U " •♦^•^' / ' . 7 o-.s /• : 

3 . An elastomer, according to claim 2 wherein the poiyisocyanate contains 

at least 95% by weight of 4 , 4 • -diphenylme thane diisocyanate. 

:o-*.y ' ■ — " ;, ; • v , _ . , ........ 

15 4. An elastomer according to any one of the preceding claims having a 

ratio of th^. storage modulus. (&') at 20°C and the storage modulus (EM 
at 120*C»of between 0.8 an4 1.2. 

5. An elastomer according to , claim 4. having a ratio of the storage modulus 
20 (EM at 20°C and the storage modulus (EM at 120°C of between 0.85 and 

1.1. 

6 . An elastomer according to any one of the preceding claims having a tan 

6 at 100°C of less than 0.05. 



7. An elastomer according to claim 6 having a tan 5 at 100 °C of less than 
0 . 03 . 



8 . An elastomer according to any one of the preceding claims having a 
30 ****** wwitti value of the tan 5 of more than 1.0. 

9. An elastomer according to any one of the preceding claims having the 
prime maximum of the tan 5 at a temperature below 0°C. 

35 10. An elastomer according to claim 9 haying the prime maximum of the tan 

6 at a temperature below. -10°C. 



40 



n. 



A method f r the preparation of elastomers according to any ne of the 
preceding claims from a reaction mixture comprising a poiyisocyanate 
component, a polyol composition , a chain extender and optionally a 
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crosslinXing agent wherein the polyisocyanate component contains at 
least 85% toy weight of 4 , 4 - -diphenylmethane diisocyanate or a variant 
thereof, the pol^l composition comprises at least one polyoxyalkylene 
polyol containing oxyethylene residues, said polyol composition having 
an average nominal hydroxyl functionality of 'from .2 to, 4, an average 
hydroxy! equivalent weight of from 5O0 to 7000 and an average 
oxyethylene content of between 50 and 85% by weight, and the chain 
extender has an 

average hydroxyl equivaieht^weight-- of *'up- to 250 



12. 



A method according to claim 11 wherein the polyol composition comprises 
at\'east *one* pbly (dx^lbxYiene^oxyprbpylene) - polyol^: * i * 



13. A method 



according to claim 12 wherein the polyol composition 



14. 



comprises : 

U) from 75 to 100% by weight of ' a first polyol- component comprising at 
least one polyoxyalxylene : polyol containing oxyethylene residues, 
said polyol component having an average nominal hydroxyl 
1 functionality of from 2~ to " 4, 'ah average hydror/1 .equivalimt ^weight 
of from ib00 to 5000 and an average oxyethylene content of from 60 
to 85% by weight, and 

<b) from 25 to 0% by weight of another polyol component. 

A method according to any of the claims 11 to 13 wherein the polyol 
condition has an average nominal hydroxyl functionality of from 2 to 



15. A method according to any one of the claims 11 to 14 wherein the 
reaction mixture further comprises water. 

16. A method according to claim 15 wherein the amount of water is less than 
2% by weight based on the total weight of the isocyanate-reactive 
compounds . 



17. 



A method' according to any one of the claims 11 to 16 which is carried 
out at an isocyanate -index of between 90 and 110. 



18. A method according to claims 17 which is carried out at an is cyanate- 
index of between 95 and 105. 
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19. A reaction system comprising : 

(a) a polyisocyanate component containing ' at least 85% by weight of 
4 , 4 1 -diphenylme thane diisocyanato r a variant thereof; 

(b) a polyol composition comprising at least one polyoxyalkylene polyol 
containing oxyethylene residues, said polyol composition having and 
average nominal hydroxyl functionality of from 2 to 4, an average 
nominal hydroxyl equivalent weight of from 500 to 7000 and an 
average oxyethylene content of between 50 and 85% by weight; 

,(c) a chain extender having an average hydroxyl equivalent weight of up 

to 250; J 
<d) water, 

(e) a cross linking agent, and 

(f) one or more additives conventional to elastomer formulations 
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